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Table 1. Data from the X—ray Diffraction Study of T a U ( P Ph 2 )
2 —

(dmpe) 2.

(A ) Crystal Data at 23(l) OC a

b 03
crystal system : tric linic V = 1 9 2 3 . 8  A

space group i P1 r C~~; N o .2 )  Z 2

a = 1 0.5 5 6 ( 3)  A fo rmula  wei ght = 852.7
o —3

b = 11.175(3) A p(calcu lated) = 1.47 g cm
o c -3

c = 18.663(5) A p (ohserved) = 1.51(2) g cm

= 76.OO(3)° p (calculated ) = 79.1 cm i’

8 = 74.48(3)° (CuKct)

y = 6 6 .6 0 ( 3 ) °  
- 

—

Cell constant determination : 9 (hk2.) reflections and refined 20 ,

w and x values in the range 40 < 20 < 43° ( X ( C u K &)  =

1.541 8 A)

(B)  Collection of Intensit y Data

radiation CuKa , Ni 8—filter

ref lec t ions  measured ±h , ±k , ± Z (to 20 101°)

scan type ; speed 0 — 2 0 ;  variable , 3 . 0 8 — 6 . 5 1 ° / m m

scan range symmetrical , [ 1 . 8  + ti (a
2 

— a
1
)]°

background measurement stationary , for one-fourth of
scan time at each of scan limits

number of reflections 4351 total ; 4050 in unique set

measured

standard reflections 003, 253 measured after every
60 reflections; deviation

- 
< ±3 ~j ( I )  for each

automatic recentering of every 800 reflections

crystal

— -  - -  -—~~~~~~~~~~~~~~~~ -
-- 

- 

. 

-~~-



T
Table 1 (con t I nut’d)

(C)  T r e a t m e n t  of I n t e n s i t y  1)ata d

d a t a  reduction intensities at  before 22 ; esd ’ s
of F~ va I uc- s ca 1 cu 1 - i t  ci by

me t-hod of finit e diffe nc -nnct -s ’

statisti cal information H = 0.047; H = 0.039
5 av

CD) Refinement
0
, with 2942 Data f o r  W h i c h  F ~‘ 3.92 ’ (1- ’)

wei ghtinq of reflections w [e 2 (IF I + HF 0 I ) 2 ) ] ~~ ;
0.040

Patterson solution Ta, 6P; H 0.204

isotrop ic refinement , a l l  H = .094; R
~ 

= .114
non— h yd re - ic ii at em:;

anisotropi c refinements; Ta , R = 0. 077 ; H = 0 . 0 9 3

6P , drnpc’ C atom s ( e x c ep t

C33 , w h i c h  w o u l d  not

refine ani isot rop icall y)

only; ot ht -r a t o m s
i so t ro p ic ;  II atoms on

pheny l rings included as

f ixed contributions with
= 0.95 A.

standard dev ia t ion  of an 1 . 5 2 2
observation of u n i t

wei ght

- - -
~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~ - ‘-, —

~~~
-
~~~ ~
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-—-

~~~~~~~~ - 
— —



~ E s t im at e d  s t a n dar d  d e v i a t i o n s  in - i  t he  lea st  si g n i f i ca n t  d i n i t s ;
are g i \‘eni in ~~renthe~ ’s in  t h i s  and the f o l  I ow i nq t ab  it s ;;

b
~.hc d i men si o n s  of the  co r re spond ing  D e l a un - i ay  reduced c e l l  are
a = 10.556 , b = 11.175 , c 1 7 . 3 6 2  A ; a 9 1 . 0 6 , t~ 9 1 . 8 3 ,
y 113.38° :

C
1 by I l ot at  ion -i i n  1, 2— i  i b ro m o e t h a n e/ h e x an e

dR ~~~c1 ( 
~
F

~~’ ) / Y  ~~~ Ray [(Y I I I -  1~~~ ) - ‘
~~~ I I ) ;

C R~~~( I F S I _ I F !) / \ : !F ~~I ;  R~ =

S t a n d a r d  d ev i at  ion of an observat  ion c~ I J f l i  t w e i c i b i t
{~ w [~ F 0 - F~ ] 2 / (~1~~i) 1 , where in ( =  2 9 4 .~) is the number ot
observ a t I ens and ii ( 2 6 3 )  is the  numb er  of paranne  torn var i c ’i

______ -- - - - - - ---. ‘.j  ~~~~~~~~~~~ L_ jr~,p.~ri~~~wJ ~:~~~~~~&L  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table I I . P o s i t  i o na i  a n d  I so t rop ic T h e r mal  1’ ar c t n i e t  c i  r ;  I or

Tall ( l’l’bi 2 
) , ( in ip t ’ )

Atom x “ z U .
1 5 )

Ta 0 .23137 (H) 0.26904(10) 0.25077 (h)
P1 0. 22806 ( n t )  0.  3 9 7 4 0  ( 56)  0. 1 2 5 5  ( 3  3 )
P2 0 . 2~~5 h 3 7 ( t ’ 4 )  0.  l l 0 3 5 f t~~) 0 . 3 t 3 ~1 3 ( 3  1)
P3 0 . O 6 q c ) 4 ( t ~5) 0. 1 t 7 8 0 ( ~~2 )  0 . 2 2 t 1 0 (  1’ )
P4 — 0.0 240 0 (n5) 0.40t ~9 ’  (ti ) 0.31 18 e (  3 t - )
p5 0 . 4 9 8 7 ’ / ( t 2 )  O . 2 0 2 1 0 ( t - 1 )  0 . 2 1 4 0 1  ~~~~P6 0.  2 8 3 5 3  ( te-~ 1 0. 439 ~7 (59 0. 3003~ ( ~
C 2 5  — 0 . 1 2 1 3  ( 2 - i )  0 . 57 0 . ’ ( .‘ 1 0 . 2 6 0 /  ( i S )
C2~ — 0 .  O7 0~ ( 2 7 )  0. 4~ 2 ( 2 1 )  0. 4 0h . 1 ( I ~~ )
C I !  — o . i s ~~q ( 4 1)  0.  3107 ( 3 0 )  0 . 3 2 3 1  ( 1 7 )
C2 8 — 0 . 0 7 9 3  ( 2 7 )  0 . 1 8 0 - )  ( 2 9 ~ 0.3070 (lt ~)
C 2t) — O . 0 1 t ~2 ( 2 0 )  0 .2411 (29) 0 . 1 4 3 0  ( I i - )
C30 0 .1351 (18) — 0 . 0 1 2 5  ( 2 . ’)  0 .2211 (17)
C31 0.5857 (31) 0.1984 (48) 0 . 1 1 Q 7  ( 1 0 )
Cil 0.6075 (31) O.060~ (31) 0 . 2 t ~50 ( 2 1 )
C34 0.4706 (31) 0.425 (:1~~) 0. It ’) (25)
CY’ 0.1971 (30) 0.6194 (‘2) 0. 27’~ - (15)
C36 0.2823 (39) 0. 4 2 ~13 (2t~) 0.4012 (14)
Cl 0.2831 (22) 0.3388 (21) 0.03 (3 (1 1) 0 . 1) 4 7 1  ( 5 )
C2 0. 287’~ (24) 0.4193 ( . 2 )  — 0 . 0 3 4 0  ( 1 4 )  0. O~~73 ( ‘

Cl 0. ~250 ( 2 5 )  0 . 3 t 0 1  (24) — i 3 . 0 9 8 1  ( 1 5 )  0 . i l t 4 2 ~ . t ’ )
C4 0.3633 (It ) 0.238i’ (2’’) —0.1 002 (15) 0 . 0 6 9 ’ t ( t ~)

0 . 3t ~~3 0 ~2 7 )  0 . 1 5 5 5  ( . 5 1  — 0 . 0 3 1 2  ( 1 ’ - )  0 . 0 7 0 0 ( e )
0 . 3 2 4 7  ( 2 4 )  0 . 10 2 7  ( 2 3 )  0 . 0 3 3 0  ( 1 4 )  0 . 0 5 0 4 ( ~~l

C7 0 . 1 8 7 4  ( 2 4 )  0 . 5 7 5 8  (22) 0.0940 (1 1 ) 0.05 . i~~S)
C8 0 . 2 9 1 4  t . 4 )  0 . t ~2 0  ( 2 3 )  0 . 0 8 1 5  ( 1 3 )  0 . 0 5 7 0 ( 5 )
C9 0 . 2 5 5 2  ( 3 1 )  0 . 7 / 0 3  ( 2 8 )  0.  0~~27 (17) 0. 0 0 3 1  ( 7 )
C10 0 . 12 3 4  ( 3 3 )  0 . 8 4 4 7  ( 2 ~~) 0 . 0 5 4 n ’  ( 1 7 )  0 . 0 0 ’n . ( ’ )
C l i  0 . 0 1 2 4  (31 ) 0 . i 9 7 ~ ( 3 0 )  0 . 0 6 4 2  ( 1 0 )  0 . O l t 2 ( 0 )
C 12  0 . O S e ) ( . ‘ 7 )  0 . o S / 5  ( 2 5 )  0 .0 8 5 1  ( 1 5 )  0 .Ot74 (e )
C 13 0 . 3 3 7 7  ( 2 2 )  —0 .0714 ( 2 0 )  0 . 3 7~~0 ( 1 3 )  0 . 0 4~~l H )
C14 0 . 3 3 9 6  ( 2 3 )  —0. 1490 (2 1 0. 4 4 8 ’ ~ ( 1 3 )  0. 0”  ~5 H)
C I S  0 . 4 1 2 2  ( 2 0 )  — 0 . 2 8 1 6  ( 2 ~~) 0 . 4~~4 5  ( I t ’ ) 0 . 0 ’ 4 e ~~t - )
C16 0 . 4 8 5 1  (It ) —0 .34133 ( 2 4 )  0 . 3 9 3 3  ( 1 5 )  0 . 0 t , e 0 ~~t ’ )
C 17 0 .4 8 0 0  ( 2 4 )  — 0 . 2 t 9 0  ( 2 3 )  0 . 3 2 2 9  ( 1 4 )  0 . 0 5 l e ( 5 )
C18 0 .4 0 7 4  ( 2 2 )  — 0 . l 3 s o  ( 2 1 )  0 . 3 1 7 2  (12) 0 . 0 - l e ’ ( ’ ’)
C19 0 . 2 0 ~~5 ( 2 2 )  0 . 1 3 2 0  ( 2 0 )  0 . 4 6 4 9  ( 1 2 )  0 . 0 4 1 5 ( 4 )
C20 0 .0 7 7 0  ( 13 )  0 . 1 3 0 4  ( 2 1 )  C) . 50t ’ 2 ( 1 3 )  0 . 0 ’ 1 7 H )
C2 1 0 . 0 4 2 2  ( 2 7 )  0 . 1 5 4 6  ( 2 5 )  0 . 5 8 2 0  ( 1 5 )  0 . 0 7 m m )
C22  0 . 1 3 9 6  ( 2 9 )  0 . 1 5 8 4  ( 2 6 )  0 .6 1 5 1  ( l e )  0 . 0 7 ’.- ’--~~e)
C23 0.2665 ( 2 6 )  0 . 1 5 4 5  (:15) 0 . 5 7 5 1  ( 1 5 )  0. O t t O  H )
C24 0 . 3 0 2 5  (2 5 ) 0 . 1 1 7 5  ( 2 3 )  0 . 4 9 9 7  ( 1. 1 ) 0 . 0 t 1 t - ( 1 ~
C33 0 . 5 6 6 6  (29) 0 . 2 9 1 1  ( 2 7 )  0 . 2 4 5 7  ( 11 ) ) 0 . 0 7 7 3 ( 7 )
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Table IV. Bond Distances (1~) for  T a l l ( P P h 2
) 2 (di np e) 2

Ta—PI 2.430 (6) C1—C2 1.402(33 )
Ta— P2 2.404 (6) Cl—C6 1.417(32)
Ta—P3 2.568 (7) C2—C3 1.347(35)
Ta—P4 2.623 (7) C3—C4 1.347(37)
Ta—PS 2.555 (7) C4—C5 1.365(38)
Ta— P6 2.599 (7) C5— C6 1 .359(36)

C7— C8 1 .365 (38)
P 1 — C l  1 . 8 0 3 ( 2 3 )  C 7 — C 12  1 . 3 4 5 ( 3 9 )
P1 —C7 1 . 8 4 1( 2 4 )  C8— C9 1 . 4 7 7( 3 8 )
P2 -C 13 1 .847(22 ) C9—C10 1.336(49)
P2—C19 1.868(22) ClO—Cil 1.322 (53)
P3—C28 1 .853( 30) C11—C 12 1.435 (41) —

P 3 — C 2 9  1 . 8 4 3 ( 3 1 )  C 1 3 — C 1 4  1 . 4 2 0 ( 3 2 )
P3—C30 1.871(24) C13—C18 1.338(31)
P4—C2 5  1 . 8 6 5 (2 9 )  C 14 — C 15  1 . 3 6 3 ( 3 6 )
P4—C26 1.849(27) C15—C16 1.391(38)
P4—C27 1.839 (39) C16—C 17 1.397(36)
P5—C 31 1.768(33) C17—C18 - 1 . 3 7 1( 3 2 )
P5—C32 1.765(36) C19—C20 1.363 (35)
P5—C33 1.720 (32) C19—C24 1.365(37)
P6—C34 1.861(39) C20—C21 1.401(36)
P6—C35 1.845(24) C21—C22 1.352 (45)
P6—C36 1.854(26) C22—C23 1.337(44)

C27—C28 1.607(50) C23—C2 4 1 .395(37)
C33— C34 1 .488(43)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table V. Bond Angles  (dog )  fo r  T a l I ( P P h 2
)

2 (dmpe )
2

Pl—Ta—P2 170. 36 (22) P3—C28—C27 110 .5(21)
P3—Ta—P4 73 .13 (Il) C28—P3—Ta 108.5(10)
P5—Ta—P 6 76.CI (21) C28— 1’3—C29 103.6(14)
P 1—T a — l’ 3 8 9 . 0 6  ( 2 2 )  C 2 8 — P 3 — C 3 0  1 0 0 . 7 ( 13 )
P1—T a—P4 96.45 ( 2 2 )  C29—P3—Ta 119.4(10)
P1—Ta—PS 85.87 (22) C29—P3—C30 101.9(13)
P1—T a—1’6 9 2 . 4 4  (22) C30—P3—Ta 120.2(10)
P2—Ta—P3 87.15 (22) P4—C27—C28 110.3(23)
P2—Ta—P4 91.04 (22) C25—P4—C26 98.2(13)
P2—Ta—PS 89.73 (22) C2 5— P4—C27 97 .0(15 )

94.82 (22) C25— P4—T ..i 119.7(10)
P3—T a— P S 129.70 ( 2 2 )  C26—P4—C27 99.4 (15)
P3—T a—1’ 6 154.2 6 (22) C2 6—P4—Ta 123.1 (9)
P4— Ta— I’S 156.16 (22) C27— 1’4—Ta 114 .6(12)
P4—Ta-iS.’ 80.17 (21) P5—C 33—C34 118.0(24)

C31—P5—C32 104.5(18)
C1— P1— C7 100.65 (111) C31—P5—C33 103.1(17)
Cl— Pl—Ta 128.30 (81) C31— P5—Ta 120.8(14)
C7— PI— T a 130.80 (84) C3 2—PS— C33 87 .6(lt- )
C 13— P2—C 1 9 98 .89(104) C32~-P5—T 4--r 120.2(13)
C 13—P2—Ta 1 30.05 (78) C33—P5 —T a 114.7(11)
C19—P2—Ta 131.00 (76) P6—C34—C33 114.1 (25)
P1—Cl—cl 124.7 (18) C34— l”6—C3 5 99.5(1S)
P1—C 1—C 6 120.8 (18) C34—P6—C36 96.6(16)
P1—C7— C8 119.0 (19) C34— P6—Ta 110 .4(12)
P1 C7 C12 121.4 (20) C35 1’6 C36 99.8(14)
P2— C 13--C l4 121.6 (18) C35—P 6—Ta 122.8 (9)
P 2 — C 1 3 — C 1 8  121 .5  (18)  C 3 6 — P 6 — T a  1 2 2 . 6( 1 1)
P2—C1 9—C20 121. 0 (18)
P2— C 1 9— C24 120.2 (18)

__________________________



Table V I . Least -Squares  ~ 14-11105a fo r  TaH (PPh
2
)., (dmpe ) 

2

(A) Plane equatio n: —0 .080X + 0.488Y — 0.869Z + 2.580 = 0
Atoms in plant’: Ta , P3 , P4 , P5 , I’ e
Distan ec s from p l a ne  (A)

Ta 0.000(1) P5 —0.017 ( t )  c28 -0 .  9 ( ’2 ( 2 9 )
P3 0.02 :1(6) P6 0. f l30 H - )  C33 — 0 .  0~°~ ( . 9 )
P4 —0.027 (6) C27 — 0.433~~33) C34 0.318(4.’)

(B) Plant’ equation : 0.993X — O . 094 Y — 0 . 0 7 5 Z  — 4 . 19 6 = 0
Atoms in  p l a n e : Ta , P1 , Cl , C7
D i s t a n ces f r o m  p l an e  ( A )  :

Ta 0.000(1) Cl 0.060 (2t’)
P1 —0.014(8) C7 0.068(28)

(C) Plane equation : 0.999x + 0.039Y — 0.037Z — 4.851 = 0
Atoms in plane : Ta, P2 , C13 , C19
Dis tan ces fro m p lan e (A) :

Ta 0 .000(1) C13 0.031(25)
P2 —0. 007(7) C19 0.029(25)

aorthoqor)al coordinate s X , Y and Z used in th ese ca l c u l a t i o n swere derived as described in roference 33.

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~ -~~~~~~~~ --~~-
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Figure 1. Molecular Structure of TaH(PPh
2
)
2

(dmpe )2. For 
-

clarity only two of each of the phen yl carbon

atoms are labelled.
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~,~4~gure 2. Skeletal Geometry of TaH (PPh
2)2 (dmpe ) , showing

the expanded P3—Ta-P5 angle.
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Fi gure 3. Illu stration of H” •H Contacts in

TaH ( P P h 2 )
2 (dmp e)
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Ph ony  I Rinq~; n Tall  ( 1 ’ I ’h  ~ 2

Atom x y z U .
I

112 0.2630 0.~
’i l 1 ”  — 0 .01’4 0.0 ’30

113 0.3264 0 . 4 . S .~5 — 0 . 1 1 4 4 1 ’  0 . 0 7 0 1
114 0.389.’ 0 . 2 0 6 3 — - 0 .  1 . 1 ’ - ’ -  0 . 0 7 $ ~

)
115 0 . 3 8 9 8  0 . 0 6 3 ’ ~ — 0 . 0 ~~2 ’) 0 . 0 7 / 1
116 0.3259 0. 1424 0 .07C~l 0.0 1i 4 .’
118 0. 38~~2 0. 5(, q 1 0 .0 8 . 1  ‘~ 0 .  0~- .S..
119 0 .3 2 3~ 0 . 8 0 q 1  0 . 0 5 6 7
1110 0.1009 0.9374 0.0409 0.0~)8.’
11 11 — 0 .0699 0.8542 0.0”’S.’ 0.10 c~
1112 — 0 . 0 1 4 4  0.621~ 0.0’L’’~ 0.07 .1 11
1114 0.2910 —0. io~~i 0.4924 0. 0”8Q
1115 0.4131 —0 . l3 1~ 0. 5015 0. 0(L’ I
1116 0.5346 —0.44 1 0 0. ~~90 0 . 0 7  m ’ ,
1117 0.5274 —0.307~m 0.1781’ 0.0(’’-”
1118 0 .40-4 — 0 . 0 8 ~’ 4 0 . 2 1 - 8 . ’ 0.0’’14
l 1.’O 0 . 0103  0 . 13 1 2 0 .  4 8 3 ’ ’ 0.
1121 — 0 . 0 4 9 6  0. 162 ~

) 0. ( ‘101 0.0787
1-122 0.1177 0.1640 0.667~ 0.0841
1 12 3  0.3320 0.1~ ~1 0. 54-~C10 0 . 0 7 3 ”
1124 0 . 3 9 4 8  0 . 1 2’H  0 . 4 7 1 3  O . O t ’ 7 7
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